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(g) A tube for fuel transportation. 

(g) A tube for fuel transportation according to the present invention includes an innemnost layer 
comprising one selected from the group consisting of fluorine type resins and polyamide type resins, a 
middle layer comprising a polyalkylene naphthalate resin, an outer layer comprising a themnoplastic 
resin or a thennoplastic elastomer, and an adhesive layer formed between the innemnost layer and the 
middle layer. Polybutylene naphthalate may be used as the polyalkylene naphthalate resin. The tube for 
fuel transportation according to the present invention has excellent banrier action against fuels and is 
highly kink- proof. 
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The present invention relates to a tube for transporting fuels, and more particularly to a tube for use as 
a fuel tube in vehicles such as autonnobiles. The tube according to the present invention generally has excellent 
banrlering properties (barrier action) against not only gasoline-based fuels, but also mixed fuels including al- 
cohols, and is kink-proof to an extent that it can be used in a bent state in a relatively small space. 
5 Tubes having a multilayer structure in which a metal pipe, a rubber hose or a single layer tube of nylon, 

and various resins are layered have conventionally been used as tubes for transporting fuels in a vehicle such 
as an automobile. 

On the other hand, the realization that it may be difficult to secure an ample supply of gasoline in the future 
has led to research for substitute fuels in the place of gasoline. As one such substitute fuel, mixed fuels in 
10 which alcohols, such as methanol, are added to gasoline have been studied, and have already been put to 
practical use. Use of methanol as a substitute fuel has attracted much attention because it is expected to pro- 
vide an improved octane value and contribute to the increased cleanliness of the exhaust gas. 

In particular, for environmental reasons, it is desirable to minimize the amount of fuel to be discharged from 
a vehicle. This has led to the enforcement of increasingly strict emission regulations. Therefore, tubes are de- 
15 sired which hardly permit fuels to escape therethrough. 

Fuel tubes are often incorporated inside a vehicle body so as to prevent them from being damaged in the 
impact of a collision and to protect them against flying stones, fire, etc. originating from outside the vehicle. 
In such cases, it is particularly important substantially to eliminate transmission of gas through the fuel tube 
because the odor of the transmitted gas might cause discomfort to people in the vehicle, or might even catch 
20 fire when the concentration thereof becomes sufficiently high. 

On the other hand, automobile design allows less and less space for tubes to be incorporated, so that it 
is necessary that the tubes be provided in such a manner as to avoid other equipment in the engine housing. 

Moreover, as is well known, modern vehicles are required to have improved resistance against rust and 
a reduced weight in view of the demands for increased durability and improved fuel consumption. 
25 A conventional tube for fuel transportation is disclosed in Japanese Laid-Open Patent Publication No. 4- 

224384. This tube for fuel transportation is a single layer tube composed of a polyester type resin or alterna- 
tively a multilayer tube whose innermost layer is composed of a polyester type resin. In this tube for fuel trans- 
portation, polybutylene terephthalate, which has excellent barrier action, is used as the polyester type resin 
so as to improve the barrier action of the tube. 
30 German Patent Application Publication Nos. 4112662, 4137430, 4137431, and 4215608 each disclose a 

conventional tube for fuel transportation having a multilayer structure including an inner layer and an outer 
layer composed essentially of polyamide and a middle layer composed of linear crystalline polyester. 

In the above-mentioned Patent Application Publications, it is proposed to form the middle layer of a mixture 
of linear crystalline polyester and polyamides or compounds having various reactive groups in order to improve 
35 the adhesion between the respective layers. 

However, we have found the following drawbacks of a tube for fuel transportation having a multilayer struc- 
ture including an innermost layer of polybutylene terephthalate: 

I) There is a limit to the improvement of the barrier action against the fuel. Specifically, a fuel for a vehicle, 
such as an automobile, is generally a mixture of various components. Therefore, a tube may show excellent 
40 barrier action for a fuel of one composition but not for a fuel of another composition, thus resulting in in- 

sufficient overall barrier action for fuels. 

ii) A tube disclosed in an example of the above-mentioned Japanese Laid-Open Patent Publication No. 4- 
224384, in which the inner layer is composed of polybutylene terephthalate and the outer layer is composed 
of nylon 12, has poor adhesion between the inner and outer layers, thus resulting in poor ki n k- p roof n ess. 

45 Tubes for fuel transportation of this kind, used for transportation vehicles, are likely to be used in a very 

small space and bent in a circle with a small radius. Therefore, these tubes are required to be highly kink- 
proof in order to have practicality. 

iii) In cases where a tube for fuel transportation whose innermost layer is composed of a polyester type 
resin such as polybutylene terephthalate is used for transportation of a mixed fuel including alcohols, the 

50 innermost layer may deteriorate through hydrolysis caused by a small amount of moisture contained in the 

alcohols. Such a tube has the problem of poor durability. 

Moreover, an experiment conducted by the inventors of the present invention has revealed the following 
drawback of a tube for fuel transportation having a multilayer structure including a middle layer composed of 
a mixture of polybutylene terephthalate and various compounds in order to realize improved adhesion with the 
55 polyamide constituting the inner and outer layers: There is a limit to the improvement of the barrier action 
against fuels. Specifically, as described later with reference to the Comparative Examples, a tube including a 
middle layer composed of a linear crystalline polyester which is either polybutylene terephthalate or a mixture 
obtained by mixing polybutylene terephthalate with a polyamide resin, a maleic acid anhydride modified EPM, 
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an ethylene-ethylacrylate-glycidyl methacrylate copolymer, or the like has poor barrier action against fuels al- 
though the middle layer is formed of polybutylene terephthalate. 

According to the present invention there is provided a tube for fuel passage comprising an innermost layer 
comprising a fluorine type resin or polyamide type resin , an intermediate layer comprising a polyalkylene naph- 
5 thalate resin, an outer layer comprising a thermoplastic resin or a thermoplastic elastomer, and an adhesive 
layer between the innermost layer and the intermediate layer. 

In one embodiment of the invention, the polyalkylene naphthalate resin is polybutylene naphthalate. 

In another embodiment of the invention, the thickness of the intermediate layer accounts for 5% to 20% 
of the total thickness of the tube. 
10 In still another embodiment of the invention, the innermost layer comprises a polyamide type resin, and 

the adhesive layer comprises at least one thermoplastic polyurethane, polyetherblockamide, polyesterblock- 
amide, modified polyolefin, polyester copolymer, and/or polyester type elastomer. 

In still another embodiment of the invention, the innermost layer conriprises a polyamide type resin, and 
the adhesive layer comprises an adhesive resin including a polyamide type resin and a crystalline polyester 
15 or a thermoplastic polyester elastomer, the polyamide type resin and the crystalline polyester or the thermo- 
plastic polyester elastomer being in the ratio, by volume, in the range of 70/30 to 30/70. 

In still another embodiment of the invention, a miscibilizer, selected from: epoxy compounds having a gly- 
cidyl or glycidyl ether group; acid anhydrides; compounds having an oxazoline group, carboxylic acid group, 
isocyanate group, or a (meth)acryllc acid or (meth)acrylic acid ester structure; and compounds having an ami- 
20 no group or hydroxyl group, is melt-mixed in the adhesive layer. 

In still another embodiment of the invention, the innermost layer comprises a fluorine type resin, and the 
adhesive layer comprises an adhesive resin comprising at least one fluorine type resin, flexible fluorine type 
resin, or fluorine type rubber, and at least one crystalline polyester type resin or polyester type elastomer. 



In still another embodiment of the invention, the innermost layer comprises a fluorine type resin, and the -r^^-. 

25 adhesive layer comprises an adhesive resin comprising: (A) at least one fluorine type resin, flexible fluorine rsr*- 

type resin or fluorine type rubber ; and (B) at least one crystalline polyester type resin or polyester type elas- -^^^ 

tomer, (A) and (B) being in the ratio, by volume, in the range of 80/20 to 20/80. rs 

The invention described herein makes possible the advantages of (1) providing a tube for fueljranspor- ^-^ 

tation which has sufficient barrier action and chemical resistance against current gasoline fuels and substitute . 

30 fuels, such as mixed fuels including methanol; (2) providing a tube for fuel transportation which has improved _ ^ii ^ 
kink-proofness and is particularly suitable as a tube for fuel transportation in a vehicle such as an automobile; 

and (3) providing a tube for fuel transportation which, because the innermost layer comprises a fluorine type ^^^^ ^ 

resin or a polyamide type resin, has excellent hydrolysis resistance and resistance against fuels and which , ^ t^^ ■ 

does not degrade over time, thereby achieving an improved durability as compared with the durability of con- - ■ 

35 ventional tubes for fuel transportation. ■ - 

Various preferred features and embodiments of the invention will now be described by way of non-limiting ^ 



example. 

In the accompanying drawings: 

Figure 1 is a transverse cross- sectional view showing a tube for fuel transportation according to one ex- 
40 ample of the present invention. 

Figure 2 is a transverse cross-sectional view showing a tube for fuel transportation according to another 
example of the present invention. 

Figure 1 is a transverse cross-sectional view showing a tube 1 for fuel transportation according to an ex- 
ample of the present invention. The tube 1 for fuel transportation has a multilayer structure including five lay- 
45 ers: an innermost layer 10, an adhesive layer 11, a middle layer 12, an adhesive layer 13, and an outer layer 
14 (listed from the inside). 

The tube 1 can be fabricated by the following method. Five extruders, namely, one for the formation of 
the innermost layer 10, one for the formation of the adhesive layer 11 , one for the formation of the middle layer 
12, one for the formation of the adhesive layer 13, and one for the formation of the outer layer 14 are disposed 
50 around a mold. Melted resins are extruded by the respective extruders so as to be led through slits in the mold, 
the resins being layered upon one another. Thereafter, the melted resins are discharged at one end of the mold. 
The melted tube having a five-layer structure is adjusted while being cooled in a sizing bath so as to have 
predetermined dimensions. 

The present invention encompasses, in addition to the above-described tube 1 having a five-layer struc- 
55 ture, a tube 1 for fuel transportation having a multilayer structure including four layers and not including the 
adhesive layer 13, as shown in Figure 2. This four-layer tube 1 can be fabricated by the same method by which 
the tube 1 shown in Figure 1 is fabricated except for using four extruders, instead of five. 

The resins included in the tube are conveniently formed in a temperature range of about 150*^0 to about 
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320°C, and more preferably about 1 90^C to about 280*'C. 

The present invention does not intend to provide any particular linnitation as to the dimensions of either 
tube 1 for fuel transportation. For example, in the case of fabricating a tube for fuel transportation having a 
multilayer structure including five layers and having an outer diameter of 8 mm and an inner diameter of 6 mm, 
5 the tube for fuel transportation being for use in an automobile, the preferred thicknesses of the layers may be 
as follows: 

the innermost layer 10: 0.1 to 0.3 mm, 
the adhesive layer 11: 0.02 to 0.1 mm, 
the middle layer 12: 0.05 to 0.2 mm, 
10 the adhesive layer 13: 0.02 to 0.1 mm, and 

the outer layer 14: 0.3 to 0.8 mm. 
In the case of fabricating a tube for fuel transportation having a multilayer structure including fours layers 
and having an outer diameter of 8 mm and an inner diameter of 6 mm, the tube for fuel transportation being 
for use in an automobile, the preferred thicknesses of the layers may be as follows: 
15 the innermost layer 10: 0.05 to 0.2 mm, 

the adhesive layer 11: 0.02 to 0.1 mm, 
the middle layer 12: 0.05 to 0.2 mm, and 
the outer layer 14: 0.5 to 0.85 mm. 
If the thickness of the inner layer 10 is smaller than the above-mentioned ranges, the tube 1 may have a 
20 decreased affinity in conjunction with a joint which follows, thus possibly resulting in the disruption of the inner 
layer by the joint when the tube 1 is connected thereto or during use of the tube 1 . If the thickness of the inner 
layer 10 is larger than the larger of the above-mentioned ranges, the flexibility of the entire tube 1 may de- 
crease, and the fabrication cost may increase. 

If the thickness of the adhesive layer 11 is smaller than the above-mentioned range, it may be difficult to 
25 conduct stable molding of the tube 1, resulting in nonuniform thickness of the respective layers. This may result 
in nonuniform adhesion between the layers. If the thickness of the adhesive layer 11 Is larger than the above- 
mentioned range, the thicknesses of the innermost layer 10, the middle layer 12, and the outer layer 14 should 
generally be decreased in order to obtain a tube having a predetermined diameter and a predetermined thick- 
ness, thus resulting in deviation from the intended tube characteristics according to the present invention. 
30 If the thickness of the middle layer 12 is smaller than the above-mentioned range, sufficient barrier action 

against fuels may not be obtained. If the thickness of the middle layer 12 is larger than the above-mentioned 
range, the flexibility of the entire tube 1 may decrease, and the shock resistance of the tube 1 may decrease. 

If the thickness of the adhesive layer 13 is smaller than the above-mentioned range, it becomes difficult 
to conduct stable molding of the tube 1, leading to nonuniform thickness of the respective layers. This may 
35 result in nonuniform adhesion between the layers. If the thickness of the adhesive layer 13 is larger than the 
above-mentioned range, the thicknesses of the innermost layer 10, the middle layer 12, and the outer layer 
14 should generally be decreased in order to obtain a tube having a predetermined diameter and a predeter- 
mined thickness, thus resulting in deviation from the intended tube characteristics according to the present 
invention. 

40 If the thickness of the outer layer 1 4 is smaller than the smaller of the above-mentioned ranges, the weather 

resistance of the tube 1 may decrease. Moreover, the inner layers of the tube 1 may be left vulnerable to im- 
pacts from stones flying from the outside, and the entire tube 1 may have insufficient resistance against chem- 
ical agents (e.g. antif reezing agents, antirust agents, etc.). If the thickness of the outer layer 14 is larger than 
the larger of the above-mentioned range, the thicknesses of the innermost layer 10 and the middle layer 12 

45 should be decreased in order to obtain a tube having a predetermined diameter and a predetermined thickness, 
thus resulting in deviation from the intended tube characteristics according to the present invention. 

Hereinafter, the innermost layer 10, the adhesive layer 11, the middle layer 12, the adhesive layer 13, and 
the outer layer 14 will be described individually. 

Fluorine type resins (e.g. fluorocarbon type resins) and polyamide type resins can be used for the inner- 

50 most layer 10. The thickness of the innermost layer 10 should preferably account for 5% to 30% of the total 
thickness of the tube 1 for fuel transportation. 

Fluorine type resins 

55 Fluorine type resins (including fluorocarbon resins) themselves have good corrosion resistance and chem- 

ical resistance. Moreover, they have excellent non water-absorbance, friction resistance, non-adhesiveness, 
self-lubrication, heat resistance, cold resistance, weather resistance, and the like. 

Among the fluorine type resins, however, polytetrafluoroethylene has a melt viscosity of 10^ to 10^2 poise 
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at aSO^'C, and has poor thermoplastic properties, although categorized as a thermoplastic resin. Therefore, 
the usual melt molding technique cannot be used for polytetrafluoroethylene. 

Accordingly, fluorine type resins that are thermoplastic and applicable to an extrusion processing are pre- 
ferably used for the tube for fuel transportation according to the present invention. Examples of such fluorine 

5 type resins include: polyvinylidene fluoride resin (hereinafter referred to as PVDF), ethylene-tetrafluoroethy- 
lene copolymer resins (hereinafter referred to as ETFE), polyvinyl fluoride resins (hereinafter referred to as 
PVF), ethylene-chlorotrifluoroethylene copolymer resins (hereinafter referred to as E-CTFE), chlorotrifluoro- 
ethylene resins (hereinafter referred to as PCTFE), tetrafluoroethylene-hexafluoropropylene copolymers 
(hereinafter referred to as FEP), tetraf luoroethylene-perf luoroalcoxyethylene copolymers (hereinafter refenred 

10 to as PFA), and tetraf luoroethylenehexafluoropropylene-perf luoroalcoxyethylene copolymers (hereinafter re- 
ferred to as EPA). 

Among the above-mentioned fluorine type resins, PVDFs and ETFEs are especially preferable in view of 
their molding facility and adhesion to other resins. 

A PVDF, as mentioned above, Is defined to be a homopolymer of vinylidene fluoride or a copolymer of vi- 
15 nylidene with a monomer which is copolymerizable with vinylidene fluoride. Examples of monomers that are 
copolymerizable with vinylidene fluoride include vinyl fluoride, tetrafluoroethylene, trifluorochloroethylene, 
and hexafluoropropylene. 

As for ETFEs, those in which the molar ratio of ethylene to tetraf luoroethylene is in the range of 30/70 to 
60/40 are preferable. ETFEs may include copolymers with, if necessary, small amounts of other monomers 
20 which are copolymerizable therewith. 

Polyamlde type resins 

Polyamide type resins that are applicable to the present invention are, preferably, linear polyamides having 
25 high molecular weights. The polyamide may be a homopolyamide, a copolyamide, or a mixture of a honiopo- 
lyamide and a copolyamide. > 

Examples of such polyamides include homopolyamides, copolyamides, or mixtures of homopolyanqides 
and copolyamides having an amide repetition unit represented by the following Formula I or Formula II: ^ 

- CO - R1 - NH - : I 

30 .CO-R2CONH-R3-NH : II 

where R\ R2, and R3 each represent a straight-chain alkylene group. ^ 

Herein, in terms of barrier action and fuel resistance for gasoline fuels and mixed fuels containing alcohols, 
those homopolyamides, copolyamides, or mixtures thereof in which the number of amide groups per 100 car- 
bon atoms is in the range of 3 to 30, and more preferably in the range of 4 to 25, are preferable as the polyamide 
35 type resins to be used in the present invention. 

Examples of preferred homopolyamides include polycapramide (nylon 6), poly-oo-amlnoheptanic acid (ny- 
lon 7), poly-cD-aminononane acid (nylon 9), polyundecaneamide (nylon 11), polylaurinelactam (nylon 12), poly- 
ethylene diamineadipamide (nylon 2, 6), polytetramethylene adipamide (nylon 4, 6), polyhexamethylene adi- 
pamide (nylon 6, 6), polyhexamethylene sebacamide (nylon 6, 10), polyhexamethylene dodecamide (nylon 6, 
40 12), polyoctamethylene adipamide (nylon 8, 6), polydecamethylene adipamide (nylon 10, 6), polydecamethy- 
lene sebacamide (nylon 10, 10), and polydodecamethylene dodecamide (nylon 12, 12). 

Examples of preferred copolyamides include: caprolactam/laurinelactam copolymers, caprolactam/hex- 
amethylene diammoniumadipate copolymers, laurinelactann/hexamethylene diammoniumadipate copolymers, 
hexamethylene diammoniumadipate/hexamethylene diammoniumsebacate copolymers, ethylene diammoniu- 
45 madipate/hexamethylene diammoniumadipate copolymers, and caprolactam/hexamethylene diammoniumadi- 
pate/hexamethylene diammoniumsebacate copolymers. 

Moreover, it may be convenient to add plasticizers such as aromatic sulfone amides, p-hydroxybenzolc 
acids, and esters, elastomer components having low elasticity, and lactams to the above-mentioned polyamide 
type resins so as to impart flexibility thereto. 
50 Examples of such elastomer components include: ionomer resins, modified polyolefin type resins, ther- 

moplastic polyurethanes, polyetherblockamides, polyesterblockamides, polyetheresteramide type elastomers, 
polyester type elastomers, modified stylene type thermoplastic elastomers, modified acrylic rubbers, and 
modified ethylene-propylene rubbers. Among these elastomers components, those which have good compa- 
tibility with polyamide type resins and a f lexural elasticity of 3000 kgf/cm2 or less are preferable. The elastomers 
55 can be used alone or in combination with one another. 

The above-described materials for the innermost layer 10 may, if necessary, include various additives such 
as antioxidants, colorants, anti-static agents, conductive materials, flame retarders, relnforcers, stabilizers, 
and processing aids. 
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Polyalkylene naphthalate resins are used for the middle layer 12. The polyalkylene naphthalate resins to 
be used in the present invention are defined as resins that can be prepared by condensation polymerizing naph- 
thalene dicarboxylic acid or an ester forming derivative thereof with one or more diols generally in the presence 
of a catalyst and under appropriate reaction conditions. 
5 Examples of such naphthalene dicarboxylic acids include naphthalene-2,6-dicarboxyiic acid, naphthalene- 

2,7-dicarboxylic acid, and naphthalene-1 ,5-dicarboxylic acid. One or more kinds of these naphthalene dicar- 
boxylic acids can be used. 

Examples of the above-mentioned ester forming derivatives include naphthalene-2,6-dicarboxylic acid me- 
thyl. 

10 Alkylene glycols are preferably used as the above-mentioned diols. Examples of such alkylene glycols in- 

clude ethylene glycol, propylene glycol, trimethyl glycol, tetramethylene glycol, pentamethylene glycol, and 
hexamethylene glycol. 

A particularly preferable polyalkylene naphthalate resin to be used for the present invention is polyethylene 
naphthalate or polybutylene naphthalate in which n a phthalene-2, 6- dicarboxylic acid is used as the naphthalate 
15 dicarboxylic acid and in which ethylene glycol or 1.4 butanediol is used as the alkylene glycol. 

In cases where the tube 1 for fuel transportation is used as a fuel tube for automobiles, polybutylene naph- 
thalate is particularly preferably used for the middle layer 12 in tennns of barrier action, mechanical strength of 
the tube, molding facility, and the like. 

The strength, resistance against impacts, and stretching properties of a polyalkylene naphthalate resin 
20 improve as the viscosity of the polyalkylene naphthalate resin increases. Therefore, preferable polyalkylene 
naphthalate resins are those which have an inherent viscosity of 0.7 or more, and more preferably an inherent 
viscosity in the range of 0.9 to 1 .5 (the inherent viscosity being measured for a solution of 0.005 g/ml at 35°C 
with o-chlorophenol used as a solvent, according to ASTM D 2857). 

Unless the advantages of the tube 1 for fuel transportation such as the barrier action against fuels are 
25 undermined, the polyalkylene naphthalate resin may alternatively be a copolymer in which a part of either the 
naphthalene dicarboxylic acid as a polyester component or alkylene glycol is substituted by a third component 
such as other dicarboxylic acids, oxycarboxylic acids, or dioxy compounds. 

Examples of such dicarboxylic acids include naphthalene dicarboxylic acids, terephthalic acids, isophthalic 
acids, adipic acids, oxalic acids, and diphenyietherdicarboxylic acid. 
30 Examples of oxycarboxylic acids include p-oxybenzoic acids and p-oxyethoxybenzoic acids. 

Examples of dioxy compounds include dihydric alcohols such as ethylene glycol, propylene glycol, trime- 
thyl glycol, tetramethyl glycol, pentamethylene glycol, hexamethylene glycol, diethylene glycol, bisphenol Aand 
polyalkylene glycols such as polyethylene glycol and polytetramethylene glycol. 

The polyalkylene naphthalate resin may. if necessary, melt-include other resins, elastomer components, 
35 or compounds having a functional group for improving the adhesion to the other layers, and/or include various 
additives such as antioxidants, colorants, anti-static agents, flame retarders, reinforcers, stabilizers, and proc- 
essing aids, as long as the barrier action against fuels of the tube 1 is not reduced. 

The thickness of the middle layer 12 should preferably account for 5% to 20% of the total thickness of the 
tube 1 for fuel transportation. If the thickness of the middle layer 12 accounts for less than 5% of the total thick- 
40 ness of the tube 1, the barrier action for fuels decreases. If the thickness of the middle layer 12 accounts for 
more than 20% of the total thickness of the tube 1, the flexibility of the entire tube 1 may decrease and the 
shock resistance of the tube 1 may decrease. 

Polyalkylene naphthalate resins have such characteristics that the breaking strength and breaking stretch 
thereof increase as the thickness thereof decreases. The shock resistance and toughness of the tube 1 become 
45 satisfactory by prescribing the thickness thereof to be in the above mentioned range. 

In cases where a fluorine type resin or a polyamide type resin is used for the innermost layer 10 and a 
polyalkylene naphthalate resin is used for the middle layer 12, as described above, the outer layer 14 may be 
composed of any thermoplastic resin, and the present invention does not intend to provide any further limitation 
to the material for the outer layer 14. 
50 Examples of materials for the outer layer 14 include thermoplastic resins such as polyolef in type resins 

such as polyamide resins, fluorine type resins, polyester resins, polyurethane type elastomers, polyamide type 
elastomers, polyester type elastomers, polyacetal type resins, polyethylenes, and polypropylenes. 

In cases where the outer diameter of the tube 1 is 25 mm or less, the total thickness of the tube 1 should 
account for 5% to 20% of the outer diameter of the t ube 1 , and the thickness of the outer layer 1 4 should account 
55 for 50% to 85% of the total thickness of the tube 1 for the following reasons. If the total thickness of the tube 
1 is excessively small, as compared with the outer diameter of the tube 1, the tube 1 may buckle when bent, 
thereby interrupting the flow of any fluid that is transported through the tube 1. Moreover, a joint is generally 
required in order to connect an end of the tube 1 to another piece of equipment; such a joint requires the tube 
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1 to have an appropriate thickness. 

Moreover, the outer layer 14 is required to have such weather resistance, damage-proofness, friction re- 
sistance, flexibility, inflammability, colorabiiity, printability, anti-static properties, electrical conductivity, elec- 
tric insulation, and pressure resistance properties as are appropriate to the particular application of the tube. 

5 In order to Impart the outer layer 14 with such properties, it is applicable to provide a further layer having such 
properties on the outer layer 14. For example, if the tube 1 is required to have anti-static properties, a surface 
layer composed essentially of a resin having a volume specific resistance of about 10^ to 10® Q cm may be 
coated on the outside of the outer layer 14. If the tube 1 is required to have a larger pressure resistance, a 
reinforcement layer composed essentially of synthetic fibers (such as nylon, vinylon, polyester, and aramid) 

10 and/or wires may be woven or wrapped on the outside of the outer layer 14. 

Moreover, it may be applicable to provide, as a reinforcement layer, a coating composed of a rubber tube 
and/or a thermoplastic elastomer, or to wind a coil tube around the tube 1 so as to prevent the tube 1 from 
being damaged from flying stones, fire, heat of the external air, and the like. 

As for the adhesive resin to be used as the adhesive layer 11 in the five-layer tube 1 (shown in Figure 1) 

15 for fuel transportation or in the four-layer tube 1 (shown in Figure 2) for fuel transportation, the present inven- 
tion does not intend to provide any further limitation, although preferably the adhesive resin should be thermally 
meltable with the innermost layer 10 and the middle layer 12 during coextrusion. 

For example, in cases where the innermost layer 10 is composed of a fluorine type resin and the middle 
layer 12 is composed of a polyalkylene naphthalate resin, the adhesive resin to be used as the adhesive layer 

20 11 between the innermost layer 10 and the middle layer 12 may be, preferably, a melted mixture including at 
least one compound (A) selected from the group consisting of fluorine type resins, flexible fluorine type resins, 
and fluorine type rubbers and at least one compound (B) selected from the group consisting of crystalline poly- 
ester type resins and polyester type elastomers. Moreover, in order to obtain a still more uniformly mixed ad- 
hesive resin and to increase the adhesive properties thereof, a composition obtained by melt-mixing one or 

25 more kinds of thermoplastic polyurethanes, polyamide type elastomers, modified polyolef ins, or the like with 
the above-mentioned melted mixture may preferably be used. A composition obtained by melt-mixing with the 
use of a so-called miscibilizer containing an epoxy compound including glycidyl group or glycidyl ether group, 
an acid anhydride, oxazoline group, isocyanate group, carboxylic acid group, amino group, and the like,_may 
also be preferably used. 

30 In cases where the innermost layer 10 is composed of a polyamide type resin and the middle layer 12 is 

composed of a polyalkylene naphthalate resin, the adhesive resin to be used as the adhesive layer 11 between 
the innermost layer 10 and the middle layer 12 may be, preferably, one or more kinds of thermoplastic. poly- 
urethanes, polyetherblockamides, polyesterblockamides, modified polyolefins, polyester copolymers,, -and 
polyester type elastomers. * 

35 Moreover, a composition obtained by melt-mixing a polyamide type resin and a crystalline polyester type 

resin and/or a polyester type elastomer may alternatively be used as the adhesive resin. In order to obtain a 
still more uniformly mixed adhesive resin and to increase the adhesive properties thereof, a composition ob- 
tained by melt-mixing one or more kinds of the above-mentioned adhesive resins may preferably be used. A 
composition obtained by melt-mixing with the use of a so-called miscibilizer containing carboxylic acid group, 

40 an acid anhydride, a compound having a (meth)acrylic acid or(meth)acrylicacid ester structure, an epoxy com- 
pound including glycidyl group or glycidyl ether group, oxazoline group, isocyanate group, amino group, hy- 
droxyl group, and the like may also be preferably used. 

As for the above-mentioned mixture of two or more kinds of adhesive resins to be used as the adhesive 
layer 11, the mixing ratio between the two adhesive resins should be such that sufficient and uniform adhesion 

45 is obtained between the innermost layer 10 and the middle layer 12. 

In the above-mentioned adhesive resins to be used between a fluorine type resin and a polyalkylene naph- 
thalate resin, the mixing ratio between the compound (A) and the compound (B) should be in the range of 80/20 
to 30/70 by volume, a preferably in the range of 70/30 to 30/70 by volume. It is preferable to mix, if at all, any 
of the above-mentioned thermoplastic polyurethanes, polyamide type elastomers, modified polyolefins, and 

50 miscibilizers in a ratio, by volume, of 30% or less based on the mixture. 

In cases where a polyamide type resin and a crystalline polyester type resin and/or a polyester elastomer 
is used as the adhesive resin to be used between a polyamide type resin and a polyalkylene naphthalate resin, 
the mixing ratio between the polyamide type resin and the crystalline polyester type resin and/or the polyester 
type elastomer should be in the range of 70/30 to 30/70 by volume, an preferably in the range of 60/40 to 40/60 

55 by volume. In the case where a miscibilizer is mixed, it is preferable to mix the miscibilizer in a ratio, by volume, 
of 20% or less based on the mixture. 

Although the present invention does not intend to provide any limitation to the thickness of the adhesive 
layer 11 as long as the adhesive layer 11 can function to realize adhesion between the innermost layer 10 and 
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the middle layer 12 as described above, the thickness of the adhesive layer 11 should preferably account for 
2% to 10% of the total thickness of the tube 1. 

If the thickness of the adhesive layer 11 accounts for less than 2% of the total thickness of the tube 1, it 
becomes difficult to conduct stable molding of the tube 1. leading to nonuniform thickness of the respective 
5 layers. This may result in nonuniform adhesion between the layers 10 and 12. If the thickness of the adhesive 
layer 11 accounts for more than 10%, the thicknesses of the Innermost layer 10, the middle layer 12, and the 
outer layer 14 must be decreased in order to obtain a tube having a predetermined diameter and a predeter- 
mined thickness, thus resulting in deviation from the intended tube characteristics according to the present 
invention. 

10 As for the adhesive resin to be used as the adhesive layer 13 in the five-layer tube 1 (shown in Figure 1) 

for fuel transportation, the present invention does not intend to provide any further limitation although prefer- 
ably the adhesive resin should be themnally meltable with the middle layer 12 and the outer layer 14 during 
coextrusion. 

The adhesive resin to be used for the adhesive layer 13 may be, for example, one or more kinds of ther- 
ms moplastic polyurethanes, polyetherblockamides, polyesterblockamides, modified polyolef ins, polyester copo- 
lymers, and polyester type elastomers. 

Although the present invention does not intend to provide any limitation to the thickness of the adhesive 
layer 13 as long as the adhesive layer 13 can function to realize adhesion between the innermost layer 10 and 
the middle layer 12 as described above, the thickness of the adhesive layer 13 should preferably account for 
20 2% to 10% of the total thickness of the tube 1. 

If the thickness of the adhesive layer 13 accounts for less than 2% of the total thickness of the tube 1, it 
becomes difficult to conduct stable molding of the tube 1, leading to nonuniform thickness of the respective 
layers. This may result in nonuniform adhesion between the layers 10 and 12. If the thickness of the adhesive 
layer 13 accounts for more than 10%, the thicknesses of the innermost layer 10, the middle layer 12, and the 
25 outer layer 14 must be decreased in order to obtain a tube having a predetermined diameter and a predeter- 
mined thickness, thus resulting in deviation from the intended tube characteristics according to the present 
invention. 

In cases where the middle layer 12 and the outer layer 14 can themselves be thermally melted with each 
other, there is no need to incorporate the adhesive layer 13 therebetween, and the tube 1 may be configurated 

30 as a four-layer tube for fuel transportation. 

The tube for fuel transportation having the above-mentioned multilayer structure may be fabricated by a 
known coextrusion method, an extrusion coating method, or the like. For example, the tube can be efficiently 
fabricated by a coextrusion method with the use of a plurality of extruders and a tube die for multilayer com- 
posites, the number of the extruders corresponding to the configuration of the tube. 

35 By such a molding method, a tube for fuel transportation can be obtained which includes an innermost 

layer composed essentially of a fluorine type resin or a polyamide type resin, a middle layer composed essen- 
tially of a polyalkylene naphthalate resin, and an outer layer composed essentially of a thermoplastic resin, 
the layers being bonded to fomri an integral four-layer (in the case no adhesive layer is provided between the 
middle layer and the outer layer) or five-layer (in the case where an adhesive layer is provided between the 

40 innermost layer and the middle layer and another adhesive layer is provided between the middle layer and the 
outer layer) tube. Further layers may be present depending on the particular application for the tube. The re- 
sultant tube has, as will be described later with reference to the examples of the present invention, excellent 
barrier action against fuels and excellent kink- proof n ess. 

45 Examples 

Hereinafter, illustrative embodiments of the present invention will be described by way of non-limiting ex- 
ample. 

The transmission rate and the ki nk- proof n ess of the tubes obtained in the following examples and com- 
50 parative examples were evaluated by the following methods. 

A. Transmission rate 

The following sample liquids I and II were provided in a tube having an outer diameter of 8 mm, an inner 
55 diameter of 6 mm, and a length of 1000 mm, and left in an oven heated at 60°C or in an oven heated at 40*^0, 
whereby the temporal decrease in the weight of the sample liquid I or II was obtained. The decrease in the 
weight of either sample liquid was divided by the outer surface area of the tube and was calculated to give a 
value in the form of g/m^/day. The calculated value was defined as the transmission rate. 
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Sample liquid I (Fuel C): A mixture of a reagent-class toluene and a reagent-class isooctane mixed at a 
ratio of 1/1 by volume. 

Sample liquid II: A mixture of Fuel C and methanol mixed at a ratio of 85/15 by volume, 

5 B. Kink- proof n ess 

A tube having an outer diameter of 8 mm and an inner diameter of 6 mm was bent in a semi-circle shape, 
with the radius of the semi-circle being gradually decreased until the tube kinked. The value of the radius ob- 
tained immediately before the tube kinked was used as an indicator of the kink-proof ness of the tube. Accord- 
to ingly, a tube having a smaller radius obtained immediately before the generation of a kink is regarded to be 
more kink- proof. 

Example 1 

15 This tube 1, according to Example 1, includes an innermost layer 10 (thickness: 0.2 mm) composed es- 

sentially of nylon 1 1 , an adhesive layer 11 (thickness: 0.05 mm) composed essentially of a thermoplastic poly- 
urethane, a middle layer 12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, an adhe- 
sive layer 13 (thickness: 0.05 mm) composed essentially of a themnoplastic polyurethane, and an outer layer 
14 (thickness: 0.6 mm) composed essentially of nylon 11. 

20 This tube 1 was obtained as follows. Each of nylon 1 1 , polybutylene naphthalate, and a thermoplastic poly- 

urethane was inserted into a corresponding one of three extruders. The nylon 1 1 , the polybutylene naphthalate, 
and the thermoplastic polyurethane were plasticized while being processed at respective temperature ranges 
of 220*^0 to 240*=*C, 230°C to 250'*C, and 190°C to 210**C. Thereafter, a three-material five-layer tube having 
an outer diameter of 8 mm and an inner diameter of 6 mm was extruded from a three-material f ive^layer tube 

25 die maintained at 245°C. 

Example 2 

This tube 1, according to Example 2, includes an innermost layer 10 (thickness: 0.2 mm) composed es- 
30 sentially of nylon 11 , an adhesive layer 11 (thickness: 0.05 mm) composed essentially of a modified polyolef in, 
a middle layer 12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, an adhesive layer 
13 (thickness: 0.05 mm) composed essentially of a modified polyolefin, and an outer layer 14 (thickness: 0.6 
mm) composed essentially of nylon 11 . ^ . 

This tube 1 was obtained by the same manner by which the tube 1 of Example 1 was obtained except that 
35 the adhesive layers 11 and 13 were formed at a temperature range of 230^C to 240°C. ^ 

Example 3 

This tube 1, according to Example 3, includes an innermost layer 10 (thickness: 0.2 mm) composed es- 
40 sentially of nylon 11, an adhesive layer 11 (thickness: 0.05 mm) composed essentially of a mixture of a ther- 
moplastic polyurethane and a polyester type elastomer mixed at a ratio of 5/5 by volume, a middle layer 12 
(thickness: 0.1 mm) composed essentially of polybutylene naphthalate, an adhesive layer 13 (thickness: 0.05 
mm) composed essentially of a mixture of a thermoplastic polyurethane and a polyester type elastomer mixed 
at a ratio of 5/5 by volume, and an outer layer 14 (thickness: 0.6 mm) composed essentially of nylon 11. 
45 This tube 1 was obtained by the same manner by which the tube 1 of Example 1 was obtained except that 

the adhesive layers 11 and 13 were formed at a temperature range of 210°C to 230°C. 

Example 4 

50 This tube 1, according to Example 4, includes an innermost layer 10 (thickness: 0.2 mm) composed es- 

sentially of nylon 11, an adhesive layer 11 (thickness: 0.05 mm) composed essentially of a mixture of a poly- 
etherblockamide and a polyestertype elastomer mixed at a ratio of 5/5 by volume, a middle layer 12 (thickness: 
0.1 mm) composed essentially of polybutylene naphthalate, an adhesive layer 13 (thickness: 0.05 mm) com- 
posed essentially of a mixture of a polyetherblockamide and a polyester type elastomer mixed at a ratio of 5/5 

55 by volume, and an outer layer 14 (thickness: 0.6 mm) composed essentially of nylon 11. 

This tube 1 was obtained by the same manner by which the tube 1 of Example 1 was obtained except that 
the adhesive layers 11 and 13 were formed at a temperature range of 230°C to 240°C, 
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Example 5 

This tube 1, according to Example 5, has the same configuration as that of the tube 1 of Example 4 except 
that the middle 12 was formed by using polyethylene naphthalate instead of polybutylene naphthalate. 
5 This tube 1 was obtained by the same manner by which the tube 1 of Example 4 was obtained except that 

the middle layer 12 was formed at a temperature range of 280^C to 300°C, and the three-material five-layer 
tube die was heated at a temperature range of 270°C to 280*^0. 

Example 6 

10 

This tube 1, according to Example 8, includes an innermost layer 10 (thickness: 0.2 mm) composed es- 
sentially of nylon 11, an adhesive layer 11 (thickness: 0.05 mm) composed essentially of a mixture of nylon 
11, polybutylene terephthalate, and a thermoplastic polyurethane mixed at a ratio of 4/4/1 by volume, a middle 
layer 12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, and an outer layer 14 (thick- 

15 ness: 0.65 mm) composed essentially of a polyester type elastomer. 

This tube 1 was obtained as follows. Each of the resins used for the innermost layer 10, the adhesive layer 
11, the middle layer 12, and the outer layer 14 was inserted into a corresponding one of four extruders. The 
resins were plastlcized while being processed at respective temperature ranges of 210°C to 240*'C, 210°C to 
240*^0, 230'*C to 250°C, and 220°C to 240°C. Thereafter, a four-material four-layer tube having an outer dl- 

20 ameter of 8 mm and an innerdiameterof 6 mm was extruded from a four- material four- layer tube die maintained 
at 245°C. 

Example 7 

25 This tube 1, according to Example 7, includes an innermost layer 10 (thickness: 0.2 mm) composed es- 

sentially of nylon 11, an adhesive layer 11 (thickness: 0.05 mm) composed essentially of a mixture of nylon 
11, a polyester type elastomer, and a modified polyolefin mixed at a ratio of 5/5/1 by volume, a middle layer 
12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, an adhesive layer 13 (thickness: 
0.05 mm) composed essentially of a mixture of nylon 11, a polyester type elastomer, and a modified polyolefin 

30 mixed at a ratio of 5/5/1 by volume, and an outer layer 14 (thickness: 0.6 mm) composed essentially of nylon 
11. 

This tube 1 was obtained as follows. Each of nylon 11, polybutylene naphthalate, and a mixture of nylon 
11, a polyester type elastomer, and a modified polyolefin mixed at a ratio of 5/5/1 by volume was inserted into 
a corresponding one of three extruders. The nylon 11 , the polybutylene naphthalate, and the mixture of nylon 

35 11, the polyester type elastomer, and the modified polyolefin were plasticized while being processed at re- 
spective temperature ranges of 220°C to 240°C, 240°C to 260°C, and 230*^0 to 250°C. Thereafter, a three- 
material five-layer tube having an outer diameter of 8 mm and an inner diameter of 6 mm was extruded from 
a three-material five-layer tube die maintained at 260°C. 

The transmission rate and the kink- proof ness were measured for the tubes 1 of Examples 1 to 7. Themeas- 

40 urement results are shown in Table 1 along with the configurations of the tubes 1. A larger transmission rate 
indicates a lower barrier action against fuels of the tube. 
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Example 8 

This tube 1, according to Example 8. includes an innermost layer 10 (tinlckness: 0.1 mm) composed es- 
sentially of polyvinylidene fluoride (PVDF), an adhesive layer 11 (thickness: 0.05 mm) composed essentially 

5 of a mixture of PVDR polybutylene terephthalate, and a thermoplastic polyurethane mixed at a ratio of 4/4/1 
by volume, a middle layer 12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, an ad- 
hesive layer 13 (thickness: 0.05 mm) composed essentially of a thermoplastic polyurethane, and an outer layer 
14 (thickness: 0.6 mm) composed essentially of nylon 11. 

This tube 1 was obtained as follows. Each of the resins used for the innermost layer 10, the adhesive layer 

10 11, the middle layer 12, the adhesive layer 13, and the outer layer 14 was inserted into a corresponding one 
of five extruders. The resins were plasticized while being processed at respective temperature ranges of 200°C 
to 220*'C. 200°C to 220**C, 230*'C to 250*^0, 190^C to 210°C, and 220*^0 to 240*=*C. Thereafter, a five-material 
five-layer tube having an outer diameter of 8 mm and an inner diameter of 6 mm was extruded from a five- 
material five-layer tube die maintained at 245°C. 

15 

Example 9 

This tube 1, according to Example 9, includes an innermost layer 10 (thickness: 0.1 mm) composed es- 
sentially of a polyvinylidene fluoridehexafluoropropylene copolymer, an adhesive layer 11 (thickness: 0.05 mm) 
20 composed essentially of a flexible fluorine type resin, a polyester type elastomer, and a thermoplastic polyur- 
ethane mixed at a ratio of 5/4/1 by volume, a middle layer 1 2 (thickness: 0.1 mm) composed essentially of poly- 
butylene naphthalate, an adhesive layer 13 (thickness: 0.05 mm) composed essentially of a thermoplastic poly- 
urethane, and an outer layer 14 (thickness: 0.7 mm) composed essentially of nylon 11 . 

This tube 1 was obtained by the same manner by which the tube 1 of Example 8 was obtained except that 
25 the innermost layer 10 was formed at a temperature range of 190*^0 to 210°C. 

Example 10 

This tube 1, according to Example 10, includes an innermost layer 10 (thickness: 0.1 mm) composed es- 
30 sentially of an ethylene-tetrafluoroethylene copolymer (ETFE), an adhesive layer 11 (thickness: 0.05 mm) com- 
posed essentially of a flexible fluorine type resin, a polyester type elastomer, and a modified polyolef in mixed 
at a ratio of 2/5/3 by volume, a middle layer 1 2 (thickness: 0. 1 mm) composed essentially of polybutylene naph- 
thalate, and an outer layer 14 (thickness: 0.75 mm) composed essentially of a polyester type elastomer. 
This tube 1 was obtained by using four extruders and a four-material four-layer tube die as in Example 6, 
35 the innenmost layer 10 and the adhesive layer 11 being formed at respective temperature ranges of 230^C to 
260°C and 220°C to 240°C, and maintaining the tube die at 250°C. Thus, the four-material four-layer tube 1 
was obtained. 

Example 11 

40 

This tube 1, according to Example 11, includes an innermost layer 10 (thickness: 0.1 mm) composed es- 
sentially of an ethylene-tetrafluoroethylene copolymer (ETFE), an adhesive layer 11 (thickness: 0.05 mm) com- 
posed essentially of ETFE, polybutylene terephthalate, and ethyleneglycidyl methacrylate mixed at a ratio of 
5/5/1 by volume, a middle layer 12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, an 
45 adhesive layer 13 (thickness: 0.05 mm) composed essentially of nylon 11, a polyester type elastomer, and a 
modified polyolef in mixed at a ratio of 5/5/1 by volume, and an outer layer 14 (thickness: 0.6 mm) composed 
essentially of nylon 11. 

This tube 1 was obtained as follows. Each of the resins used for the innermost layer 10, the adhesive layer 
11, the middle layer 12, the adhesive layer 13, and the outer layer 14 was inserted into a corresponding one 
50 of five extruders. The resins were plasticized while being processed at respective temperature ranges of 270°C 
to 290*C, 250«C to 270*^0, 240*=*C to 260°C, 230<'C to 250°C, and 220°C to 240°C. Thereafter, a five-material 
five-layer tube having an outer diameter of 8 mm and an inner diameter of 6 mm was extruded from a five- 
material five-layer tube die maintained at 260^C. 

The transmission rate and the kink- proof ness were measured for the tubes 1 of Examples 8 to 11. The 
55 measurement results are shown in Table 2 along with the configurations of the tubes 1. 
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Comparative Examples 1 to 5 

The tube of Comparative Example 1 is a single layer tube (thickness: 1 mm) composed essentially of nylon 

11. 

The tube of Comparative Example 2 is a single layer tube (thickness: 1 mm) composed essentially of PVDF. 

The tube of Comparative Example 3 is a single layer tube (thickness: 1 mm) composed essentially of ETFE. 

The tube of Comparative Example 4 is a single layer tube (thickness: 1 mm) composed essentially of a 
polybutylene terephthalate resin. 

The tube of Comparative Example 5 is a single layer tube (thickness: 1 mm) composed essentially of a 
polyethylene terephthalate resin. 

Comparative Example 6 

The tube of Comparative Example 6 includes an innermost layer 10 (thickness: 0.7 mm) composed es- 
sentially of a polybutylene terephthalate resin and an outer layer 14 (thickness: 0.3 mm) composed essentially 
of nylon 12. 

Comparative Example 7 

The tube of Comparative Example 7 is a single layer tube (thickness: 1 mm) composed essentially of cy- 
clohexanedimethanol-ethyleneglycol-terephthalic acid copolymer. 

Comparative Example 8 

The tube of Comparative Example 8 includes an innermost layer 10 (thickness: 0.2 mm) composed es- 
sentially of nylon 12, a middle layer 12 (thickness: 0.2 mm) composed essentially of polybutylene terephthalate 
and an outer layer 14 (thickness: 0.6 mm) composed essentially of nylon 12. 

Comparative Example 9 

The tube of Comparative Example 9 includes an innermost layer 10 (thickness: 0.1 mm) composed es- 
sentially of nylon 12, a middle layer 12 (thickness: 0.15 mm) composed essentially of a mixture of a polybuty- 
lene terephthalate resin, nylon 1 2, and triphenylene phosphite mixed at a ratio of 50/50/0.1 by weight, and an 
outer layer 14 (thickness: 0.75 mm) composed essentially of nylon 12. 

Comparative Example 10 

The tube of Comparative Example 10 includes an innermost layer 10 (thickness: 0.1 mm) composed es- 
sentially of nylon 12, a middle layer 12 (thickness: 0.15 mm) composed essentially of a mixture of a polybuty- 
lene terephthalate resin and anhydride maleic acid modified EPM mixed at a ratio of 80/20 by weight, and an 
outer layer 14 (thickness: 0.75 mm) composed essentially of nylon 12. 

Comparative Example 11 

The tube of Comparative Example 11 includes an innermost layer 10 (thickness: 0.2 mm) composed es- 
sentially of nylon 12, a middle layer 12 (thickness: 0.2 mm) composed essentially of a mixture of a polybutylene 
terephthalate resin and an isocyanurate of isophorone diisocyanate mixed at a ratio of 90/10 by weight, and 
an outer layer 14 (thickness: 0.6 mm) composed essentially of nylon 12. 

Comparative Example 12 

The tube of Comparative Example 12 includes an innermost layer 10 (thickness: 0.2 mm) composed es- 
sentially of nylon 11, an adhesive layer 11 (thickness: 0.05 mm) composed essentially of a thermoplastic poly- 
urethane, a middle layer 12 (thickness: 0.1 mm) composed essentially of polybutylene terephthalate, an ad- 
hesive layer 1 3 (thickness: 0.05 mm) composed essentially of a thermoplastic poiyurethane, and an outer layer 
14 (thickness: 0.6 mm) composed essentially of nylon 11. 
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Comparative Example 13 

The tube of Comparative Example 13 includes an innermost layer 10 (thickness: 0.2 mm) composed es- 
sentially of nylon 11, a middle layer 12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, 
5 and an outer layer 14 (thickness: 0.6 mm) composed essentially of nylon 11. 

Comparative Example 14 

The tube of Comparative Example 14 includes an innermost layer 10 (thickness: 0.1 mm) composed es- 
10 sentially of PVDF, an adhesive layer 11 (thickness: 0.05 mm) composed essentially of PVDF, polybutylene ter- 
ephthalate, and a thermoplastic polyurethane mixed at a ratio of 4/4/1 by volume, a middle layer 12 (thickness: 
0.1 mm) composed essentially of polybutylene terephthalate, an adhesive layer 13 (thickness: 0,05 mm) com- 
posed essentially of a thermoplastic polyurethane, and an outer layer 14 (thickness: 0.7 mm) composed es- 
sentially of nylon 11. 



Comparative Example 15 

The tube of Comparative Example 15 includes an innermost layer 10 (thickness: 0.1 mm) composed es- 
sentially of PVDF, a middle layer 12 (thickness: 0.1 mm) composed essentially of polybutylene naphthalate, 
20 and an outer layer 14 (thickness: 0.8 mm) composed essentially of nylon 1 1 . 

The transmission rate and the ki nk- proof n ess were measured for the tubes of Comparative Examples 1 
to 15. The measurement results are shown in Table 3 and 4 along with the configurations of the tubes. 
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Hereinafter, the barrier action and kink- proof ness of the tubes 1 of Examples 1 to 11 will be compared with 
those of the tubes of Comparative Examples 1 to 15, with reference to Tables 1 to 4. 

As seen from Tables 1, 2, and 3, the single tubes of all the Comparative Examples but Comparative Ex- 
ample 13 have a large transmission rate for the fuels, indicative of small barrier action when compared with 

5 those of the tubes 1 of Examples 1 to 11 made in accordance with the present invention. In particular, the com- 
mon polyester resins used in Comparative Examples 4 to 7 have transmission rates which are several dozen 
times as large as the transmission rates of the multi-layer tubes 1 according to the present invention incor- 
porating polybutylene naphthalate resins. As will be appreciated, polybutylene naphthalate has remarkably ex- 
cellent barrier action against fuels. 

10 The following is apparent from comparison between the tube 1 of Example 1 and the tube of Comparative 

Example 12. The tube of Comparative Example 12, although highly kink-proof owing to the presence of the 
adhesive layers 11 and 13, has a large transmission rate for the fuels, indicative of small barrier action against 
both Fuel C (Sample liquid I) and the alcohol-containing mixed fuel (Sample liquid II). As will be appreciated, 
polybutylene naphthalate provides far greater advantages than polybutylene terephthalate as a material for 

15 the middle layer 12. 

The following is apparent from comparison between the tubes 1 of Examples 1 to 7 and the tube of Com- 
parative Example 13. The tubes 1 of Examples 1 to 7 and the tube of Comparative Example 13 have only a 
small difference in barrier action for the fuels. However, the tube of Comparative Example 1 3 has considerably 
lower kink-proofness. Accordingly, the kink-proofness of the tubes 1 according to the present invention is re- 

20 markably improved by the incorporation of the adhesive layers 11 and 13. 

The following is apparent from comparison between the tube 1 of Example 8 and the tube of Comparative 
Example 14. The tube of Comparative Example 14 has a large transmission rate for the fuels, indicative of 
several dozen times smaller barrier action against both Fuel C (Sample liquid I) and the alcohol-containing 
mixed fuel (Sample liquid II) than the barrier action of the tubes 1 of Example 8. As will be appreciated, poly- 

25 butylene naphthalate provides far greater advantages than polybutylene terephthalate as a material for the 
middle layer 12. 

The following is apparent from comparison between the tube 1 of Example 8 and the tube of Comparative 
Example 15. The tube 1 of Example 8 and the tube of Comparative Example 15 have only a small difference 
in barrier action against the fuels. However, the tube of Comparative Example 1 5 has considerably lower kink- 

30 proofness. On the other hand, the tube of Example 8 has improved kink-proofness. Accordingly, the kink- 
proofness of the tubes 1 according to the present invention is remarkably improved by the incorporation of the 
adhesive layers 11 and 13, 

Various other modifications will be apparent to and can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope of the claims 

35 appended hereto be limited to the description as set forth herein, but rather that the claims be broadly con- 
strued. 



Claims 

40 

1 . A tube for fuel passage comprising: 

an innermost layer comprising a fluorine type resin or polyamide type resin 
an intermediate layer comprising a polyalkylene naphthalate resin, 
an outer layer comprising a thermoplastic resin or a thermoplastic elastomer, and 
45 an adhesive layer between the innermost layer and the intermediate layer. 

2. A tube according to claim 1» 

wherein the polyalkylene naphthalate resin is polybutylene naphthalate. 



50 



A tube according to claim 1 or claim 2 

wherein the thickness of the intenmediate layer is 5% to 20% of a total thickness of the tube wall. 



4, A tube according to any preceding claim 

wherein the innermost layer comprises a polyamide type resin, and 

wherein the adhesive layer comprises at least one material selected from thermoplastic polyur- 
ethanes, polyetherblockamides, polyesterblockamides, modified polyolefins, polyester copolymers, and 
polyester type elastomers. 
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A tube according to any one of claims 1 to 3 

wherein the innermost layer comprises a polyamide type resin, and 

wherein the adhesive layer comprises an adhesive resin comprising a polyamide type resin and a 
crystalline polyester or a thermoplastic polyester elastomer, the polyamide type resin and the crystalline 
polyester or the thermoplastic polyester elastomer being in a ratio, by volume, in the range of 70/30 to 
30/70. 

A tube according to claim 5, 

wherein a miscibilizer, selected from: epoxy compounds having a glycidyl or glycidyl ether group; 
acid anhydrides; compounds having an oxazoline group, carboxylic acid group, isocyanate group, or a 
(meth)acry!ic acid or (meth)acrylrc acid ester structure; and compounds having an amino group or hy- 
droxyl group, is melt-mixed in the adhesive layer. 

A tube according to any one of claims 1 to 3 

wherein the innermost layer comprises a fluorine type resin, and 

wherein the adhesive layer comprises an adhesive resin comprising at least one selected from flu- 
orine type resins, flexible fluorine type resins, and fluorine type rubbers, and at least one selected from 
crystalline polyester type resins and polyester type elastomers. 

A tube according to any one of claims 1 to 3, 

wherein the innermost layer comprises a fluorine type resin, and 

wherein the adhesive layer comprises an adhesive resin comprising: (A) at least one selected from 
fluorine type resins, flexible fluorine type resins, and fluorine type rubbers; and (B) at least one selected 
from crystalline polyester type resins and polyester type elastomers, (A) and (B) being in the ratio, by 
volume, in the range of 80/20 to 20/80. 

A tube according to claim 7 or claim 8, 

wherein a miscibilizer, selected from: epoxy compounds having a glycidyl or glycidyl ether group; 
acid anhydrides; compounds having an oxazoline group, carboxylic acid group, isocyanate group, or a 
(meth)acrylic acid or (meth)acryllc acid ester structure; and compounds having an amino group or hy- 
droxyl group, is melt-mixed in the adhesive layer. 
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FIG.1 




FIG. 2 
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